The crystal structure of 2,4,7-trinitro-9-fluorenone, Cx3HsN307, has been determined. The crystals are monoclinic, space group P2t/n; cell dimensions are a=22.470 (3), b= 5.652 (1), c= 10.278 (2)/~, fl= 105-51 (I) °, Z=4; D,,= 1.692 and Dx= 1.675 g.cm -3. An initial set of three-dimensional X-ray data was obtained using Cu radiation with a manually operated General-Electric diffractometer; a second set was measured using Mo radiation with a computer controlled Picker diffractometer. The structure was solved with direct methods; refinement by full-matrix least-squares calculations gave an R index of 0.057 (weighted R= 0.045) for the Mo data. Anisotropic temperature factors were used for the carbon, nitrogen and oxygen atoms while the hydrogen atoms were refined with isotropic terms. The fluorene nucleus is planar. The bond lengths indicate that there is little interaction between the benzene rings, or between the rings and the carbonyl group. Because of steric crowding, the C(4) nitro group is twisted oUt of the C(1)-C(2)-C(3)-C(4)-C(4a)--C(9a) benzene ring plane by 34 °. A 23 ° r.m.s, rigid body libration of the C(7) nitro group about the C(7)-N bond was found. DOUGLAS L. DORSET, ALBERT HYBL' AND HERMAN L. AMMON 3123
Introduction
There has been some interest in our laboratories in the valence characteristics of fulvalenes containing the fluorenylidene moiety. With the goal in mind of forming a basis for future comparisons with possible charge separated fluorenylidene-fulvalenes, the crystal structure of 2,4,7-trinitro-9-fluoren0ne (TNF) is reported and its structural features are compared with those of known fluorene derivatives. TNF has been used routinely to prepare molecular complexes of polynuclear aromatic hydrocarbons since its first utilization by Orchin & Woolfolk (1946) . TNF's behavior as a strong charge transfer acceptor has been described (Nepras & Zahradnik, 1964) and an extensive table of its n-complex derivatives, along with their characteristic powder X-ray patterns, has also been published (Hofer, Peebles & Bean, 1963) . t Author to whom correspondence should be addressed.
are monoclinic and systematic absences from equiinclination Weissenberg and precession photographs indicated the space group P21/n. The Bragg angles for 14 reflections were measured manually on a Picker FACS-I diffractometer with Mo Kc~ radiation; the unitcell parameters determined from these data by the method of least-squares are reported in Table 1 . The crystal density was determined by the neutral buoyancy method in aqueous ZnBr2. An initial set of intensity data (Table 2) was collected using a manually operated General-Electric XRD-6 diffractometer with Cu radiation. Observed reflections were defined as those peaks noticeably greater than background on a strip chart recording of intensity. Additional intensity data (Table 2) were collected from a second crystal using a Picker FACS-I diffractom-eter with Mo radiation. A reflection was designated observed if it was at least 2.51(I) above background.
The standard deviations in intensity, a(1), were calculated from tr(I) = [C~ + K2(Cal d-CB2)] 1/2, where CI is the total scan count, Cm and CB2 are the two background counts and K is the ratio of the scan time to the total background time. The structure was solved using the Cu intensity data.* The data were reduced in the normal way and scale, temperature and normalized structure factors (IEI) were computed. The phases of the 60 largest IEl's were determined as functions of three reflections (411, 10, 3, 4, 745) required for origin definition using the X-ray System's direct methods subprogram PHASE. The subprogram uses both Y.2 relationships (StSsSk" + 1, where St=cos ctt), in which all three reflections (i, j,k <_ 60) are contained within the set of 60, and'relationships of the second kind' (SiSjSkS1 ~ + 1, i, j, k, l < 60). These equations are developed from two Y.2 relationships, each having two reflections which are members of the basic set and one common reflection which is outside the set. For example, the combination of StSjS,,-+ 1 and SkS~Sm -----+ 1 (m > 60) would give the preceding 'relationship of the second kind'. This initial set of 60 phases was then expanded to a total of 361 phases (177+, 184-) by the straightforward application of the Y.2 equations. An E map computed with these 361 terms revealed the 23 C, O and N atoms; a structure-factor calculation using all of the observed data gave an initial residual (R= YIIFol-IFcll/YlFol) of 0"35.
The structural parameters were refined by the method of full-matrix least-squares. The final refinement cycles used anisotropic temperature factors for C, N and O, * All calculations were performed on a UNIVAC 1108 computer using the X-ray System (Stewart, 1970 ) and X-ray 84 (Hybl, 1970) systems of crystallographic programs. (2) 229 (2) -335 (7) 432 (3) 56 (12) 120 (2) -223 (7) 698 (3) 53 (12) 32 (1) 475 (5) 351 (3) 22 (9) 22 (2) 725 (6) 174 (3) 50 (11) 158 (1) 369 (6) 42 (3) 28 (9) 0"23 -4 (3) (4) 6 (2) 3124 CRYSTAL STRUCTURE OF 2,4,7-TRINITRO-9-FLUORENONE 
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The final Cu data atom parameters formed the starting point for structure refinement using the Picker Mo data. Weights, w, equal to l/aZ(Fo) were used in the refinement; the 'unobserved' data were included in the .....  ......  ~ .............................  : ....... ,os  ........... lengths of 1.502 and 1.474 A indicate that there is little interaction between benzene rings or between the rings and the C(9) carbonyl. The enlarged C-C-C angle at c(1) C attached to NO2 is a common feature in the nitro-c(2) fluorenes and in other nitro-aromatic compounds c(3) (Carter, McPhail & Sim, 1966) . c(4) C(4a) The crystal structure of fiuorene was originally in-C(4b) vestigated because of the possibility that the molecule c(5) was not planar and that optical isomers of unsym-c(6) metrical derivatives could be found (Burns & Iball, C(7) C(8) 1954). Two independent studies have verified the mol-C(8a) ecule's planarity (Burns & Iball, 1954 Brown c(9) & Bortner, 1954) as has subsequent work on several C(9a) fluorene derivatives (vide supra). The greatest deviation N(1) N(2) from planarity was found in 2,4,7-trinitro-9-dicyano-N(3) methylenefluorene (Silverman, Krukonis & Yannoni, o(1) 1967) in which the benzene rings show a 3.2 ° propeller-0(2) like twist. Table 5 presents the least-squares plane data o(3) o(4) for the entire carbon skeleton, the two benzene rings 0(5) and the central five-membered ring of TNF. There are o(6) no significant deviations from the basic planarity of 0(7) the fluorene moiety. The angle between the planes of the two benzene rings is 1.5 ° and the angles between the planes of the C(I)-C(2)-C(3)-C(4)-C(4a)-C(9a) and C(4b)-C(5)-C(6)-C(7)-C(8)-C(Sa) rings and the plane of the central ring are 1.0 and 1.5 ° respectively. The four atoms defining each nitro group are coplanar within experimental error. The twist angles for the C(2) and C(7) nitro groups are respectively 3.7 and 15.3 ° and are comparable with the angles found in 2,4,7-trinitro-9-dicyanomethylene [C(2)-NO2 = C(7)-NO2 = 7"8 °] and 2,7-dinitro-9-dicyanomethylene fluorene [C(2)-NO2=C(7)-NO2= 17"6°]. Dashevskii, Struchkov & Akopyan (1966) have reported that an out-of-plane NO2 rotation of 18 ° requires only 0.6 kcal.mole -1, a value within the range of available thermal energy. The C(4)-NO2 moiety, however, is appreciably more crowded than the other two NO2's; the 32.7 ° C-N twist represents a stress energy of ca. 2.6 kcal.mole-k The close contact of this nitro group with the benzene ring is also responsible for the unequal C-C-N angles at C(4) (114.8 and 123"3°). A detailed discussion of nitro groups and crowding has been given by Silverman, Krukonis & Yannoni (1967) .
A rigid-body analysis (Cruickshank, 1956 ) of the carbon atom portion of TNF has revealed isotropic translational and slightly anisotropic librational tensors. The largest component of the co tensor corresponds to a 3.1 o r.m.s, libration about an axis which is essentially parallel to the C(9)-O(7) bond direction. Rigid-body analyses of the four atoms defining each of the nitro groups, has shown that, as expected, the largest librational components [C(2)-NO2=13"2°; C(4)-NO2=10.0°; C(7)-NO2=23.0 °] correspond to torsional motion about the C-N bond. The Busing & Levy (1964) 6) correction clearly has been overestimated, stemming from the disproportionate size of the 0(6) temperature factor (see Table 3 and Fig. 2) .
A packing diagram viewed normal to the ac plane is shown in Fig. 3 . The shortest contacts in the b direction are 0(4)... C(3) = 3.08 and 0(2)..-0(4) = 3.03 A with all other distances greater than 3.30 A. The closest approaches more-or-less parallel to ac are 0(7)... H(1) =2.36 and 0(6)...H(3)=2.19 A, the first of which is between molecules related by the twofold screw axis (A and B) while the second is between molecules (C and G) separated by unit translations along b and e. An analysis of the packing scheme does not provide a rationale for the large temperature factors of 0(5) and 0(6). Indeed, just the opposite might have been pre-dicted since these atoms seem to be more involved in intermolecular interactions than the other nitro oxygens.
